Abstract -Catch-at-size data of the eastern Atlantic skipjack were used to estimate changes in total mortality from 1969 to 2007. We used a transitional model of mean length that generalized the Beverton-Holt mortality estimator to allow change in mortality rate under nonequilibrium conditions. Then, from homogeneous periods of time, lengthconverted catch curves were used to access qualitative changes in selectivity patterns for two surface fisheries (the baitboat fishery operating from Dakar, Senegal, and the European and associated purse seine fisheries). To explore the impact of catch on the mortality rate, a Bayesian change-point analysis was conducted on the catch time series to detect concomitant variation between mortality rates and catch. Finally, potential causes of these changes are discussed in relation to the implementation of new fishing technology, such fish aggregating devices (FAD). The general pattern depicted by total mortality is in agreement with previous knowledge on this fishery: a state of complete or practically complete exploitation during the nineties followed by the decrease in nominal purse seine fishing effort in the last decade, combined with the effect of a seasonal moratorium on FAD fishing operations. There was no evidence of a change in selectivity between the two contrasted periods of time considered: 1969-1979 and 1986-1999; the second period being characterized by the introduction of new technology onboard vessels. In contrast, the covariation over time between total catch and mortality rate three years later highlights the effect of the fishing pressure on the stock of eastern Atlantic skipjack.
Introduction
Traditional stock assessment models have been difficult to apply to skipjack (Katsuwonus pelamis) because of certain key aspects of its biology. Skipjack spawns in an opportunistic manner throughout the year and over large areas, so recruitment is continuous but heterogeneous in space and time (Cayré and Farrugio 1986) . This explains why cohorts cannot easily be identified. Furthermore, skipjack growth parameters vary with latitude (Bard and Antoine 1986; Gaertner et al. 2008) . The catch-at-age matrix will, therefore, not be consistent because fish of the same age will exhibit different sizes depending on their past movement patterns. Another difficulty arises from the fact that skipjack tuna is often a secondary species, depending on the price differential and catchability of other target species. Consequently, estimation of the effective effort exerted on skipjack (e.g. effort proportional to fishing mortality) remains problematic, and catch rate may sometimes depict a different trend than abundance. In order to overcome these difficulties, promising new assessment methods that attempt to accommodate expert opinion and prior knowledge of the fishery and the biological characteristics of skipjack have recently been applied by the International Commission for the Conservation of Atlantic Tunas (ICCAT) on the two stocks of Atlantic skipjack. However, additional analyses of the trends in some fishery indicators provide simple evidence of changes in the state of the stock over time. In this context, estimating total mortality and gear-specific selectivity patterns from catch-at-length data can be a useful alternative to conventional approaches, and provide some insight on stock responses with regard to historic changes in fishing strategy.
Dramatic changes in fishing practices have been reported in the surface fisheries operating in the eastern Atlantic in the exploitation of skipjack since the early 1970s:
-Adoption of the "associated-school fishing mode" by baitboats operating from Dakar since the early 1980s. This fishing method consists of permanently maintaining the tuna school under the baitboat while catching fish every day (Fonteneau and Diouf 1994) ; -Continuous introduction of new fishing technology onboard purse seiners (bird radars, drifting fish aggregating devices (FADs), supply vessels, GPS positioning buoys, tracking buoys, satellite information on environmental factors, sonar, echo sounders, purse winches, power blocks, purse seine size modifications, material used for the net, rail rollers, etc., Hervé et al. 1991; Fonteneau et al. 1999; Moron et al. 2001) , whose impact on fishing power has been raised by French (IRD) and Spanish (IEO) scientists during the EU research program "ESTHER" 1 .
All these changes have resulted in an increase in the exploitable biomass of the skipjack stock and in skipjack catchability, as reflected by the pattern of the historic catch in the eastern Atlantic (Fig. 1) . Total skipjack catches increased from the 1960s to reach an average of 100 000 t in the early 1980s, then reached their highest value in 1991 (175 000 t). It should be noted that this period coincides with the massive use of FADs (Ariz et al. 1999) . Since then, the catches of skipjack have shown a gradual decline, probably as a combined result of the decrease in nominal purse seine effort and the impact of moratoria for FAD fishing. In recent years, catches have remained stable at about 120 000-130 000 t.
With the aim of exploring the consequences of new fishing strategies on the stock of eastern Atlantic skipjack, this study was organized as follows: (1) change over time in total mortality rates (Z) was estimated from mean lengths data in nonequilibrium situations; (2) from pooled frequency size data within homogeneous periods of time, length-converted catch curves were used to access qualitative effects on change in selectivity patterns, then (3) concomitant historic changes in catch, considered as reliable explanations for changes in mortality rates, were investigated with the aid of a Bayesian change-point analysis. Finally, potential causes of these changes were discussed in relation to the implementation of new fishing technology.
Material and methods

Data
As changes in fishing practices are better documented from the European and associated fleets, we considered catch-atsize 2 for the EC purse seiner fleets from Spain, France and associated flags (Guatemala, NEI-Etro, Netherlands Antilles, Morocco, Panama), from 1969 to 2007. Ghanaian purse seiners were not considered in this study, however, as Ghanaian purse seiner catch-at-length data is related to the difficulty in discriminating purse seine catch-at-size from pole and line data, since both types of fishing gear are commonly associated during fishing operations (Bannerman and Bard 2001) .
In the case of baitboats, only those vessels operating from Dakar (Senegal) were considered (i.e., EC-France, EC-Spain and Senegal).
Methods
It is widely accepted that mean length of a fish population is inversely related to its total mortality rate. With this idea in mind, Beverton and Holt (1956) developed a functional relationship between mean length in the catch and total mortality rate (Z):
where L∞ and K represent the conventional parameters of the von Bertalanffy growth curve, Lc represents the length at which fishes are fully recruited, and L the average length for fully-recruited fish. However, this simple estimator requires some important assumptions: notably that recruitments are constant over time and that mortality rates are constant with regard to age and over time. Recently, Gedamke and Hoenig (2006) generalized the approach of Beverton and Holt to allow mortality rate to change in nonequilibrium situations.
From the simple expression of the mean length:
where Nt and Lt represent the abundance and body length of fish at age t, respectively, Gedamke and Hoenig (2006) stated that when a stock experiences a change in total mortality the mean length depicts a transitional phase before gradually approaching the new true value as the new equilibrium is reached. Thus, both in the numerator and in the denominator, the integrals should be broken down into a sum of two integrals respectively representing (1) fish recruited after the change in mortality (these fish having experienced only the second mortality rate) and (2) fish recruited before the change (and consequently exposed to the old and the new mortality rates). For example after a change in the total mortality from Z 1 to Z 2, the mean length in the population d years, after the change has occurred, is as follows:
(for a general expression of mean length after multiple changes in the mortality rate, see Appendix 2 in Gedamke and Hoenig 2006) . Therefore, given a series of annual observations of mean length over time it is possible to estimate the original total mortality rate, the year in which it changed and the new mortality rate (and possibly even the next breaking date and resulting change in mortality rate, etc.).
Assuming that L is normally distributed, the maximum likelihood estimates of the parameters of interest are obtained by minimising the negative logarithm (LL), which is as follows:
where L y and Lpred y are the observed and the predicted mean length in year y; m y and σ are the number of fish and the standard deviation of lengths that are greater than L c , respectively. To handle a situation in which a change in mortality may have occurred prior to the beginning of the observed time series (a realistic assumption since catch of skipjack increased from 22 000 t in 1965 to 48 000 t in 1970, Fig. 1 ), Gedamke and Hoenig (2006) suggest to add an arbitrary mean length value for each year prior to 1969 (i.e., 1965-1968) along with a sample size of zero. As the sum of squares of residuals in the negative log likelihood equation is weighted by sample size, samples with values of zero will have no effect on the minimization 3 . To access whether there have been multiple changes in the mortality rates of skipjack, different competing models (i.e., with different breaking dates and resulting number of parameters) were ranked according to the Akaike information criterion, adjusted for small sample sizes (AICc). The top-ranking model (i.e., smallest AICc) from this set was reported as the most parsimonious model, which is the model that best explains the variation in the data while using the fewest parameters (Burnham and Anderson 2002) .
Under some strong equilibrium assumptions (constant recruitment and exploitation rate), equal vulnerability for fish larger than full recruitment size (Lc), constant natural mortality for all length groups in the catch, and considering that length data can be converted into age data using the inverse of the von Bertalanffy equation, the length-converted catch curve can be used to estimate the selectivity pattern. To minimize, insofar as it is possible, the violation of the equilibrium assumptions, catch-at-size data were pooled by homogeneous periods of time resulting from the application of the transitional model to mortality rates.
To make the traditional catch curve (Beverton and Holt 1956; Ssentongo and Larkin 1973) usable for length data (Sparre et al. 1989 ), we replace t (age) of:
by L (length).
With the one to one correspondence between the age interval (t, t + Δt) and the length interval (L1, L2), we can express the number of fish caught as C(L1, L2). Let Δt as the time it takes for a fish to grow from length L1 to length L2. From the inverse von Bertalanffy equation, we obtain: Gaertner: Aquat. Living Resour. 23, 3-11 (2010) The linearized length-converted catch curve can be expressed as follows (Sparre et al. 1989) :
Age interval t(L1) + Δt/2 midpoint can be approximated by:
, where t0 represents the theoretical age at which the fish would have had zero length.
Thus, the length-converted catch curve can be rewritten as:
with the slope
The regression analysis omits the length classes for which the fish were not considered fully recruited to the fishery (L2 < Lc), as well as large size classes approaching L∞. It should be noted that using the fraction of the total catch corresponding to each length class leads to the same result as using the number caught (Restrepo et al. 2007) .
Once the parameters of the linearized length-converted catch curve have been estimated, it is possible to extrapolate the straight line on the left hand side of the curve, and consequently to calculate the proportion of fish that are missing for length classes lower than Lc, by estimating the ratio of observed C(L1, L2) to predicted catch C( L1, L2) at each length class (L1, L2) (i.e., S (L1, L2)):
with L2 < Lc , and then re-scaled so that the maximum is 1. Based on the fact that the ratio of the gear's catch to the total catch is proportional to the ratio of the gear's fishing mortality to the total mortality, gear-specific selectivity: s g (L1, L2) can be computed as the catch ratio (i.e., R g (L1, L2) multiplied by total selectivity (Restrepo et al. 2007) :
then, re-scaled so that the maximum is 1. Assuming that the selection ogive follows a logistic curve, the length group at which 50% of the catch is recruited (L50) can be calculated directly from a reparametrized expression of the logistic equation: Gaertner and Lalöe 1986) .
In the present study, based on visual inspection of the linearized catch curve, Lc was fixed at 46 cm fork length. As growth of skipjack is known to vary with latitudes in the Atlantic Ocean (Bard and Antoine 1986; Gaertner et al. 2008) , we used estimates of growth parameters obtained from tagging data in the eastern Atlantic area located to the south of 10
• N latitude. This large area is considered representative of an area used for FAD fishing. For the sake of simplicity we applied the same values of growth parameters to the whole sizefrequency dataset. However, we selected estimates of growth parameters provided by the Faben's equation, since estimates of L∞ from this model were more similar between northern and southern areas (96.78 cm and 99.88 cm, respectively) than growth estimates obtained from the combined likelihood approach (which provided more regional difference in growth rate; Gaertner et al. 2008) . Consequently, the parameters used were 99.88 cm and 0.20 per year for the asymptotic average maximum length L∞ and for the curvature parameter K, respectively; t 0 was fixed at 0. Once the mortality history of the eastern skipjack has been reconstructed, it makes sense to look for concomitant variations over time between catch and mortality rates then to evaluate the time delay between cause and consequence. To do this we analyzed the process of sudden changes in total catch at unknown dates, using a Bayesian analysis for change-point problems. Change-point analysis assumes a series of independent observations collected over time. At one or more points in time the mean may shift. Let X 1 , X 2 , ..., X n represent the data in time order. A simple change-point model can be written as follows:
where the density p(x|θ) belongs to a known class of probability densities, e.g., N(μ 1 , σ 2 1 ), N(μ 2 , σ 2 2 ); t is called the changepoint.
While frequentist procedures for change-point analysis estimate specific locations of change points, the Bayesian approach offers a probability distribution (i.e., the probability of a change point at each location in a sequence). The Bayesian change-point algorithm (hereafter, BCP) proposed by Barry and Hartigan (1993) assumes that from a sequence of n independent random variables there is an underlying sequence of parameters partitioned into contiguous blocks of equal parameter values; the beginning of each block is said to be a change point.
In this study we used an R implementation of the Barry and Hartigan (1993) product partition model for the standard change-point problem using Markov Chain Monte Carlo implementation (Erdman and Emerson 2007) 4 . The MCMC implementation of this procedure estimates the posterior distributions of the change points and the posterior means (considered as constant within blocks).
Results
Different competing models (from 1 to 5 changes points) used for determining mortality rates from mean length data in nonequilibrium situations for eastern Atlantic skipjack were ranked by AICc from lowest to highest, with the lowest value representing the best approximating model (Table 1) . Table 1 . Model selection for determining mortality rates from mean length data in nonequilibrium situations for eastern Atlantic skipjack , with (N breaks) number of change points in total mortality, number of parameters, (Nll) negative log-likelihood, (AICc) Akaike corrected information criterion for small-sample sizes, (ΔAICc) Delta AICc, (W i ) Akaike's information criterion weight and approximate breaking dates. Models have been ranked from best to worst according to the Akaike weights (W i The model with the highest weight of evidence was deemed the most plausible given the data and set of candidate models. No model had substantial support (ΔAIC c < 2), though the best approximating model had a weight of evidence W i of 0.779. This parsimonious model, based on 3 breaking points over time, is 0.779/0.166 = 4.7 times more likely to be the best explanation for changes in total mortality rates compared with a model with 4 breaking points.
The selected model fits well with the mean length of eastern Atlantic skipjack, even though the situation is less satisfactory in recent years (Fig. 2) . The fitted values decrease gradually from 51.2 cm in the 1970s to 50.2 cm at the beginning of the 1980s, then slip moderately to 49.6 cm in the late 1980s. Mean length stabilizes at this low level during the 1990s, and then increases at 50.5 cm after 2001.
The historic change in mortality rates is shown for the eastern Atlantic skipjack (Fig. 3) . The clear downward trend until 2000 suggests an increase in mortality rate; this is followed, however, by a recovery in the recent period. Estimates from the [1969] [1970] [1971] [1972] [1973] [1974] [1975] [1976] [1977] [1978] [1979] . It is considered that little new fishing technology, if any, was introduced onboard tuna vessels during this decade.
conventional Beverton-Holt estimator are highly variable and range from 1.5 year −1 in 1975 to 3.15 year −1 in 1995. Notice that mortality rates estimated by the model in nonequilibrium situations are consistent with Beverton-Holt estimates averaged over the same periods of time: 1.88, 2.42, 2.76 and 2.31 year −1 , respectively. We obtain additional information about each change and a specific confidence interval for the year of change, indicating how well the year of change has been pinpointed ( Table 2) . Prior to the first change that occurred in 1979, Z was estimated at 1.90 year −1 . It rose to 2.40 year −1 until 1985, then remained stationary around 2.84 year −1 during 1986-1999 before dropping to about 2.23 year −1 over the most recent period. Since stability in mean length was not achieved during some periods of time (e.g., in the recent years), selectivity patterns obtained from length-converted catch curve regressions were compared only for two contrasting periods of time: 1969-1979 and 1986-1999 (Figs. 4 and 5) . The decade of the 1970s may be considered as representative of a historic phase with few fishing improvements. In contrast, the second period was characterized by the modernization of the surface fleets, since new technology and equipment were continuously brought into use onboard vessels by tuna-fishery owner companies. The limits of interpretation should also be borne in mind, due to the strong assumptions made about equilibrium conditions. As observed in other selectivity studies, and because the logistic curve never attains the value 1.0, the fit of the logistic curve simply provides an approximation of the length under full exploitation. For both periods of time considered, the total selectivity pattern suggests that larger-sized skipjack are selected/recruited by baitboats in the fishing grounds close to Dakar, compared with the purse seine fishery.
The L50 of purse seiners remained stable around 43-44 cm for both periods of time (Figs. 4 and 5) . The pattern of L50 is similar for baitboats (44-45 cm). [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] . In contrast with the previous period of time, different fish finding devices were introduced gradually onboard tuna vessels from the mid-1980s.
Fig. 6.
Bayesian change-point analysis on the total catch of skipjack in the eastern Atlantic (1965 Atlantic ( -2007 . The observed catch and the posterior mean are represented in the upper part of the figure. The posterior probability of a shift in mean value (i.e., the proportion of iterations resulting in a change point at each year) is represented in the lower part.
The application of BCP analysis to the historic catch of skipjack led to a 5-block model (Fig. 6) . The observed catch of skipjack is reported over time in the eastern Atlantic Ocean, with the posterior mean value (Fig. 6 upper part) . The posterior probability of change displayed in the lower part of the same figure shows the proportion of iterations resulting in a change point for each year. Figure 6 shows that the posterior probability of the change path has four peaks. The corresponding years of change were estimated to have occurred around 1970 , 1976 , 1990 and 1995 . D. Gaertner: Aquat. Living Resour. 23, 3-11 (2010 Fork Length (cm) 1969-1979 1986-1999 Fig. 7. Cumulative frequency of catch at length of eastern Atlantic skipjack for two contrasting periods of time (1969-1979 vs. 1986-1999) .
Discussion
The comparative analysis of the historic patterns for gearspecific selectivity may be used to detect changes in targeting some commercial size categories associated with changes in fishing practices. An example of this is a decrease in selectivity over the years, which would suggest that the fleet being studied is primarily targeting young tunas. Surprisingly, this assumption is not supported by the size-frequency data since the selectivity pattern observed for the purse seine fishery remains relatively stable between the two periods considered. Even if the proportion of small fish in the total catches has increased moderately since the use of FADs (Fig. 7) , the comparison of the catch-at-size of skipjack between the two periods did not highlight a qualitative change in L50 selectivity. The same conclusion can be drawn in relation to the adoption of the "associated-school fishing mode" by the pole and line fishery operating out of Dakar since the early 1980s (Fonteneau and Diouf 1994) .
The apparent stability in the selectivity patterns of purse seiners might be due however to a misreport of small skipjack in the catch and/or to their absence from the port size samples. With respect to this potential bias, considerable progress has recently been made to estimate the amount and the size distribution of unreported small skipjack landed for the local market in Abidjan, Ivory Coast, as "faux-poisson". Based on scientific observer information and specific port sampling, unreported skipjack catch (average size 37 cm FL) has been estimated at 6 600 t year −1 for the 1988-2007 period (Chassot et al. 2008) . Nevertheless, although the ICCAT data base has been updated with this information, the reallocation of small skipjacks by stratum and fleet remains a complex procedure which might stunt any analysis attempting to discern changes in gear selectivity. There are also two possible reasons that could explain this apparent stability: (1) due to the relative viscosity of this stock (e.g., as evidenced by the low amount of mixing between eastern regions divided at 10
• N latitude, Gaertner et al. 2008 ) a strategy targeting juveniles for a local portion of the stock would have little repercussion in other areas and would be difficult to detect; and (2) an increasing proportion of large fish in the catch, resulting from the expansion of the fishing areas towards the west, would compensate the increasing catch of small fish within the traditional fishing grounds.
With regards to the changes in Z over time, one of the important points raised by one referee on the Gedamke and Hoenig method is that this model assumes constant recruitment. Even if the recruitment of skipjack is likely to vary from year to year, it is accepted, for biological reasons explained in the Introduction section, that recruitment variability is random rather than showing a trend over time. Additionally, under the current state of exploitation of tropical tunas, it has not been shown that recruitment varies directly with the stock size. Furthermore, the presence of a particularly large or small year-class that could affect the calculation of the population mean length has not ever been detected in the size-frequency data. The general pattern observed for mortality rate is in agreement with previous knowledge on the historic exploitation of this species. The largest values for Z observed during the 1986-1999 period might coincide with a situation of full exploitation (probably reached in 1994-1995, as suggested by an analysis based on a modified version of Grainger and Garcia's index; Gaertner et al. 2001) . The significant increase in mortality rates between the early 1980s and the end of the 1990s, obtained from different methods, such as tag-recovery model (Gaertner et al. 2006) , and the transitional model of mean lengths (this study), corroborates this hypothesis.
Even though caution must be taken before generalizing correlation and cause-and-effect (i.e., a change in one variable is assumed to result in a change in another variable with a temporal antecedence of the cause versus the effect), there is theoretical justification in stock assessment studies to assess the degree to which total catch increases (or decreases) mortality rate. In two historic situations, the mean shift in skipjack catch led clearly to concomitant changes in mortality rates 3-4 years later. This delay reflects the range of the age classes that were fully fished. The increase in Z, estimated to have occurred in 1979-1980, likely resulted from the increase in catch detected in 1976 by the BCP model (the annual variability observed in the mid-1970s suggests that it would have been difficult to detect such a shift in catch by a simple screening of the time series). The second situation concerns the decrease in mortality rate observed after 1999, which was caused by the decline in catch after 1995.
Contrary to this, even though the transitional model was set up to search for a change in mortality prior to the time-series of mean length data (as suggested by Gedamke and Hoenig 2006) , the first change point in catch (1970) was not followed three years later by a concomitant change in the transitional model of mean length. For the other cases, the insufficient statistical linkage between catch and Z might be due to the variability of the data for the blocks of years considered. Thus, for these cases, not all the criteria for making causal assertions were met (i.e., a significant change point was detected for one variable only) but there was cumulative evidence favoring the research hypothesis (i.e., the time lag and the pattern of covariation were in agreement with the previous results). For example, the shift in Z predicted by the transitional model in 1985 might be linked with the increase in catch observed in [1981] [1982] (although the BCP model failed to detect such a change, possibly due to the large variability of the catch data in the early 1980s). Along these lines, the large posterior probability of the change in catch that occurred in 1990 was not associated with a significant increase in mortality rate from the best transitional model. However, the second best model with 4 breaking points detected a breaking date at 1992 (Table 1) . It should be noted that a moderate increase in Z is suggested by the simple Beverton-Holt estimator which rose in 1993 (Fig. 3) .
The evolution of mortality rates for skipjack in the eastern Atlantic Ocean is in agreement with general expectations related with the increase in fishing pressure until the late 1990s. As stated in the Introduction, many technological factors have contributed to the increase in purse-seiner fishing efficiency. However, owing to the individual variability in the dates of introduction of new equipment onboard fleets, the overlap between installation periods, and the combined effects of certain innovations, it has been difficult to accurately appraise the contribution of each separate factor on the increasing mortality rate (Gaertner and Pallares 2002) .
Among these various innovations, the massive use of FAD since the late 1980s (Ariz et al. 1999 ) has been considered as one of the most relevant. However, real progress only occurred when fishers were able to implement electronic technology on their drifting FAD in order to locate them easily at a great distance. The use of GPS positioning buoys since 1997-1998, particularly the Ariane type, which progressively substituted the Gonio system introduced in the early 1990s, can be considered as a significant step forward in the development of purse-seine fishing power. In the early 2000s, tracking buoys that transmit continuous buoy trajectories to a computer interface onboard the vessel and sonar transmitting satellite buoys, equipped with solar panels, became very useful for maximizing "search" time, or time spent traveling to and assessing FAD (Itano 2003; Moreno et al. 2007 ).
In addition, it was shown that the combined effects of certain fish finding devices (e.g., sonar and echo-sounder), used while fishing around FAD (Gaertner and Pallares 2002) , were clearly associated with an increase catchability of skipjack, as well as juveniles of yellowfin (Thunnus albacares) and bigeye tuna (Thunnus obesus). Sonar has been used onboard tuna boats for a long period of time now but its fundamental roles, which are to aid in deciding net settings and to guide the captain during the encircling of the school, gradually increased over the years, as recognized by skippers responding to questions on this point (Gaertner et al. 2000) .
The decrease in Z observed for the last part of the studied period should be partially due to a regular decrease in fishing pressure, since the nominal fishing effort of European and associated purse seiners decreased regularly since the late 1990s . To assess this assumption, we compared the historic path in mortality rates for the three tropical tuna species using the simple Beverton-Holt mortality estimator (we focused more on the comparison of species-mortality trends than on the detection on specific breaking dates). As for skipjack, Lc was fixed at 46 cm and we simplified further by assuming a von Bertalanffy growth curve for yellowfin and bigeye (even though a two-stanza growth curve seems more realistic for both species) with L∞ and K fixed at 151.7 cm and 0.728 year −1 , and 217.3 cm and 0.18 year −1 , respectively. Figure 8 shows a decline in apparent Z over time was not clearly evidenced for the other two tropical tuna species. This discrepancy in the historic pattern of Z between the three species of tunas suggests that the decreasing trend observed for skipjack probably results from a combination of the decrease in nominal effort of the EU and associated purse seiners and in the impact of the moratoria on FAD fishing (specifically large for skipjack; Goujon and Labaisse-Bodilis 2001) . It must be noted, however, that this trend could have been stunted by the development of FAD fishing in the Ghanaian surface fishery (Bannerman and Bard 2001) .
In addition to these considerations, it must be stressed that the association with drifting FADs may have a negative effect on the biology (food intake, growth rate, fish plumpness) and on the ecology (displacement rate, movement orientation) of skipjack (i.e., the "ecological trap" concept; Hallier and Gaertner 2008) . The patterns found by these authors suggest that tuna may be trapped into a maladaptive behavioral strategy caused by the massive use of drifting FAD in the tropical Ocean. However, in a situation of moderate fishing intensity (or with a reduction of the FAD fishing strategy), this negative impact might be reduced because the proportion of the fish attracted to areas of low quality habitat will be compensated for by the fish choosing areas of high quality habitat.
